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Polyurethane Derivatives for Highly Sensitive and Selective 
Fluorescent Detection of 2,4,6-Trinitrophenol (TNP) 
Nan Jiang,‡a Guangfu Li,‡a Weilong Che,a Dongxia Zhu,*a Zhongmin Su*a and Martin R. Bryce*b 
A series of luminescent non-conjugated polyurethane derivatives (PUs) has been obtained in a facile way in 
high yields.  The polymers show highly selective and sensitive detection of 2,4,6-trinitrophenol (TNP) (picric 
acid). The selectivity for TNP is accomplished via combined strong inner filter effect (IFE), Förster resonance 
energy transfer (FRET) and photoinduced electron transfer (PET). A convenient indicator paper for the visual 
detection of TNP has been constructed by immobilization of the polymer PU1 on ﬁlter paper. The PU1-coated 
filter paper presents a rapid detection of TNP in water with the low concentration limit of 10-10 M, ~0.229 
ag/cm2. This is a simple, low-cost and highly efficient method for the detection of TNP.
Introduction 
In the 21st century, an increased frequency of terrorist bomb 
attacks and the use of land-mines have seriously threatened the 
security of human society. Consequently, the detection of 
explosives by practically simple methods has become an issue 
of paramount importance.1-3 In this context 2,4,6-trinitrophenol 
(TNP) (picric acid) is an extremely dangerous substance that 
exhibits enhanced explosive power compared to the other nitro-
aromatic compounds,4 such as 2-nitrotoluene (oNT), 
nitrobenzene (NB) and 2,4,6-trinitrotoluene (TNT). TNP is also 
used in the dye industry and as a clinical chemistry reagent 
which can result in significant pollution of irrigation land and 
ground water supplies, with harmful effects to human health.5,6 
Therefore, the rapid and highly selective detection of TNP is 
needed. Among the various explosive detection techniques, 
such as gas chromatography mass spectroscopy (GC-MS),7 
surface enhanced Raman spectroscopy (SERS)8 and 
electrochemical  methods,9 fluorescence sensing offers several 
advantages, such as high sensitivity, simplicity, rapid response 
time and low cost.10-14 Some fluorescent chemosensors 
including MOFs,15-17 quantum dots (QDs),18,19 fluorescent 
polymers,20-22 phosphorescent metal complexes,23,24 and small 
molecule-based sensors25,26 have been developed to detect 
nitro-aromatics. However, highly selective sensing of TNP 
compared with other nitro-aromatic explosives still remains a 
challenge, as they usually exhibit similar electron affinity.27  
Polyurethanes (PUs) are a very versatile class of non-
conjugated polymers with tuneable properties. They have found 
broad applications in everyday life as components of shape-
memory materials, building insulation, furniture, clothing and 
fabrics.28-30 However, due to a lack of extended π-conjugated 
chromophore units in the polymer chains, their luminescent 
properties and further optoelectronic applications have been 
mostly overlooked.31-33 Recently, we reported a series of 
polyurethanes with unique low temperature long persistent 
luminescence.34 The formation of carbonyl clusters from 
electron rich oxygen atoms in the polymer chains has been 
shown to be favourable for emission. Compared with traditional 
organic luminescent materials, non-conjugated PUs offer 
advantages in terms of facile chemical preparation, 
environment-friendliness, large-scale production and low 
cost.28  
As a motivation for the present work we proposed that 
photoinduced electron transfer (PET) might occur between 
electron-rich polyurethanes and electron-deficient nitro-
aromatic compounds, acting as electron donor and acceptor 
moieties, respectively. Thus, the sensing of explosives by 
fluorescence quenching could potentially be achieved by 
readily-accessible non-conjugated polyurethanes.  
To test our hypothesis, a series of luminescent non-
conjugated polyurethanes PU1–PU3 has been rationally 
designed by incorporation of classical π-aromatic 
chromophores which give PUs good emission properties. The 
role of the carboxyl group in PU1 is to increase the water 
solubility of PU1 and further enhance the sensing efficiency for 
the nitro-aromatic compounds in water. All the PUs show 
highly selective and sensitive response for the turn-off 
fluorescent detection of TNP in both solution and solid states. 
The sensing can be rapidly recognized by naked eyes. The 
sensing mechanism can be attributed to a combination of inner 
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filter effect (IFE), Förster resonance energy transfer (FRET) 
and photoinduced electron transfer (PET) processes. 
 
 
Scheme 1 Synthetic routes for PU1, PU2 and PU3. 
Results and discussion
 
The PU derivatives were synthesized by a facile procedure in 
high yield (Scheme 1) by analogy with previous analogues.34 
The chemical structures of the PUs were characterized by 1H 
NMR spectroscopy and FTIR spectrometry. Details are given in 
the ESI. PU1, PU2 and PU3 possess good solubility in 
acetonitrile-water mixture (1:1 v/v) with intense green or blue 
emission. The corresponding photoluminescence quantum 
yields are 82%, 24% and 33%, respectively. The higher PLQY 
of PU1 can be attributed to the intrinstic green emission of 
PU1. Green emitters usually show higher radiative transition 
constants when compared with the blue-emitters, such as PU2 
and PU3. The fluorescence sensing of explosives was studied 
by detailed photophysical investigations. Acetonitrile-water 
mixtures (1:1 v/v) were used for these investigations to 
guarantee that the PUs are fully dissolved and show intense 
emission. As shown in Fig. 1a, PU1 exhibits intense emission 
with a peak at 527 nm in acetonitrile-water solution (1:1 v/v) 
(10 μM). A rapid and clearly visible fluorescence turn-off 
response was observed upon increasing the concentration of 
TNP in the solution. This enables the effective “real-time” 
detection of TNP. The emission quenching is clearly seen when 
5 μM of TNP is added to the mixture; 91% of the emission is 
quenched when the concentration of TNP reached 30 μM. 
Similarly, the emission of PU2 and PU3 are also quenched by 
TNP in acetonitrile-water solutions (1:1 v/v) (10 μM), with 
quenching efficiencies of 96% and 99%, respectively. As 
shown in Fig. 1b, a Stern–Volmer (S–V) plot exhibited a 
hyperbolic curve with a straight line at lower concentration of 
TNP (up to 10 μM) and a S–V quenching constant of 1.22×105 
M-1. At higher concentration of TNP the shape of the curve is 
due to a superamplified quenching effect.35 The non-linear 
behaviour of the S–V plot for TNP and the decreased 
fluorescence lifetime upon the addition of TNP (Fig. 1b insert), 
suggests that static and dynamic quenching processes coexist 
simultaneously during the detection.36 The S–V curves for PU2 
and PU3 are also nonlinear, and the quenching constants are 
1.65×105 M-1 and 2.77×105 M-1, respectively (Fig. S5 and S6, 
ESI†). These values are relatively high among the reported 
polymer and macromolecular sensors.37-40 The limits of 
detection (LOD) for PU1‒PU3 as sensors for TNP are 
calculated to be 0.90, 1.01 and 0.57 μM, respectively, 
indicating a high sensitivity towards TNP. 
 
 
Fig. 1 (a) PL spectra of PU1 (10 μM) in acetonitrile–water (v/v = 1 : 
1) containing different amounts of trinitrophenol (TNP). Insert:  
Photographs of PU1 (10 μM) before and after addition of TNP (30 
μM). (b) Corresponding Stern–Volmer plot of TNP. Insert: the 
lifetime decay of PU1 (10 μM) before and after addition of TNP (30 
μM). 
The emission response of PUs to other nitro-aromatic 
derivatives, such as nitrobenzene (NB), 3-nitrotoluene (mNT), 
2,4-dinitrotoluene (2,4-DNT), p-nitrotoluene (NT), 
dinitrobenzene (DNB), 2,4,6-trinitrotoluene (TNT), 2,6-
dinitrotoluene (2,6-DNT) and 2-nitrotoluene (oNT) were also 
studied. As shown in Fig. 2a, these nitro-aromatics had little 
effect on the emission intensity compared with that of TNP 
under the same conditions. Remarkably, for PU1, the 
fluorescence was significantly quenched when TNP (30 μM) was 
added into the PU1 solutions containing the other nitro-aromatic 
species (Fig. 2b). Similar results were also observed for PU2 and 
PU3 (Fig. S7, ESI†). These results clearly indicate the 
unprecedented selectivity of PUs for TNP. 
To understand the origin of the selectivity of PUs towards 
TNP, the sensing mechanism was investigated. As previously 
mentioned, the non-linear behaviour of the S–V plot for TNP 
implies a resonance energy transfer mechanism in the 
quenching process, suggesting the possibility of simultaneous 
static and dynamic quenching.36 The fluorescence lifetime of 
PU1 (10 μM) decreased from 5.58 ns to 4.45 ns upon the 
addition of TNP (30 μM) (Fig. 1b insert), which is consistent 
with the involvement of a dynamic quenching process.16  
 
Fig. 2 (a) Quenching efficiency of PUs upon addition of different 
analytes (30 μM) in acetonitrile-water (1:1 v/v) (10 μM) solution. (b) 
Quenching efficiency of PU1 (10 μM) with analytes (30 μM) in 
acetonitrile-water (1:1 v/v) mixtures before (black) and after (red) 
the addition of TNP (30 μM). ΔF = F0 - F, where F0 and F denote the 
fluorescence intensity of PUs before and after the addition of 
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analytes, respectively. 
 
Fig. 3 HOMO and LUMO energy levels for the PUs and nitro-
aromatic derivatives. 
To assess the feasibility of photoinduced electron transfer 
from electron-rich PUs to the electron-deficient nitro-
aromatics35 the energy levels of the highest occupied molecular 
orbital (HOMO) and lowest occupied molecular orbital 
(LUMO) of the PUs were measured by cyclic voltammetry 
(CV). As shown in Fig. 3, the higher LUMO energy of the PUs 
would be expected to facilitate the electron transfer to the lower 
lying LUMOs of the analytes, making PET a possible 
mechanism for quenching of the PUs' fluorescence in response 
to analytes. It is worth noting that electron transfer may also 
occur from the PUs to TNT. However, the negligible quenching 
efficiency for TNT (Fig. 2a) indicates that PET is not the only 
reason for the highly selective fluorescence quenching for TNP. 
 
Fig. 4 (a) Normalized absorption spectra of nitro-aromatics and 
excitation/emission spectra of PU1. (b) UV-visible spectra of 
PU1 (1 × 10-5 M) upon addition of different amounts of TNP. 
It is well known that Förster resonance energy transfer can 
occur when the emission band of a probe overlaps with the 
absorption band of an analyte.36 As observed in Fig. 4a, there is 
overlap between the absorption spectrum of TNP and the 
emission spectrum of PU1, while essentially no overlap is seen 
for the other nitro-aromatic analytes. This implies that FRET 
may be involved in the quenching process with sufficient 
energy transfer in the case of TNP to amplify the quenching 
efficiency, resulting in the enhanced detection selectivity as 
well as sensitivity. To verify this assumption, the overlap 
between the absorption band of the analytes and the emission 
spectra of PU2 and PU3 are shown in Fig. S8 and S9 (ESI†), 
respectively. It can be seen that the extent of overlap is in the 
sequence PU3 > PU2 > PU1, which explains why the 
sensitivity to TNP follows that same sequence (Fig. 2a).  
Recently, the inner filter effect (IFE) has gained much 
attention in the field of enhanced fluorescence quenching for 
turn-off sensors, for example in the detection of TNP by a 
conjugated polyfluorene derivative substituted with pendant 
amino groups.41 IFE is a different phenomenon from ground-
state charge-transfer and FRET: for an IFE sensing system the 
absorption spectrum of the analyte should possess a substantial 
spectral overlap with the excitation and/or emission spectrum of 
the fluorescent molecule.42 For TNP, the wide overlap between 
the excitation/emission spectra of PU1 and absorption spectra 
of TNP reveals that IFE may exist in the quenching system (Fig. 
4a). The UV−visible absorption spectra of PU1 showed a 
gradual increase in the absorption intensity with an increase of 
TNP concentration, without causing any shift in the peak of 
PU1 (Fig. 4b). Similar results were also observed for PU2 and 
PU3 (Fig. S10, ESI†). This excludes the possibility of the 
formation of a ground-state charge transfer complex between 
PUs and TNP.41 Moreover, negligible overlap between the 
exciton/emission spectra of PUs and the absorption spectra of 
other nitro-aromatics (Fig. 4a, S8 and S9) indicates no IFE in 
these systems. Therefore, all the data suggest that combined 
FRET and IFE is predominantly responsible for the high 
selectivity and sensitivity of PUs towards TNP.  
1H NMR spectra for PU1 demonstrated most of the proton 
signals of PU1 showed no observable change upon the addition 
of TNP to DMSO-d6 (Fig. S11, ESI†). Only the proton of the 
pendant carboxyl group shifted, probably due to H-bonding of 
the strongly acidic OH group of TNP. These results indicate 
that the PUs retain their backbone structure in the presence of 
TNP. The possibility of formation of a ground-state complex in 
the quenching process can also be excluded (Fig. S13 and S14, 
ESI†). 
To further investigate the role of an electrostatic complex 
on quenching efficiency, TNP, 2,4-DNP and NP, all containing 
a single −OH group with a variable number of −NO2 groups, 
were studied. TNP is a stronger acid compared to 2,4-DNP and 
4-NP, and therefore has a greater tendency to interact with PUs 
via acid−base interaction to form a stable electrostatic 
complex.43 The fluorescence quenching efficiency of PU1 was 
found to be in the order TNP > 2,4-DNP > 4-NP (Fig. S15, 
ESI†). The similar spectral overlap between the 
excitation/emission spectra of PU1 and absorption spectra of 
TNP, 2,4-DNP and 4-NP indicates that a FRET process is not 
the main explanation for the quenching efficiency decreasing 
from TNP to NP (Fig. S16, ESI†). PET from PU1 to TNP 
induced by acid−base interaction reasonably explains the higher 
quenching efficiency among TNP, 2,4-DNP and NP. 
To demonstrate a proof-of-concept practical application of PUs 
for the detection of TNP, polymer-coated indicator paper was 
constructed by simply immersing standard filter paper in an 
acetonitrile-water solution of PU1, and then drying the paper at 
room temperature in air. As shown in Fig. 5, under 365 nm UV 
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illumination, the paper showed intense green fluorescence from the 
original emission of PU1. It can be seen clearly that the intense 
fluorescence is quenched rapidly and sensitively by adding a drop of 
TNP (30 μM) in pure water solution onto the paper. However, no 
fluorescence quenching was observed when other nitro-aromatic 
compounds were added onto the paper (Fig. 5A). To study the 
sensitivity for the detection of TNP, different concentrations of TNP 
water solutions (10 μL) were poured over the 1 cm2 PU1-coated 
filter paper (Fig. 5B). The fluorescent quenching efficiency of PU1 
obviously increased with increasing the concentration of TNP. The 
visible limit of detection (LOD) for TNP in water solutions is 
remarkably low at 10-10 M, ~0.229 ag/cm2. The visible LOD of PU2 
and PU3-coated filter papers for TNP is 10-3 M (Fig. S17). The 
lower LOD of PU2 and PU3 for TNP can be attributed to their less 
efficient blue emission when compared with highly efficient green-
emissive PU1. Therefore, the as-prepared PUs, especially PU1, 
exhibit great potential for the rapid, sensitive and selective detection 
of TNP. 
 
Fig. 5 (A) Luminescent photographs of PU1-coated filter paper with 
addition of different nitro-aromatic compounds (30 μM) on contact 
mode with a spot area of ∼1 cm2. (B) Photograph of the fluorescence 
quenching of PU1-coated filter paper with different concentrations 
of TNP (10 μL) water solutions. All photographs were taken under 
365 nm UV illumination. 
Conclusions 
In conclusion, a series of luminescent non-conjugated polyurethane 
derivatives has been designed and synthesized in a facile way with 
high yields, and they exhibit highly sensitive and selective detection 
of TNP. The sensing mechanism can be attributed to the combined 
strong inner filter effect (IFE), Förster resonance energy transfer 
(FRET) and photoinduced electron transfer (PET). IFE and FRET 
should be predominantly responsible for the high selectivity and 
sensitivity of PUs towards TNP. PET also plays a role for the 
quenching when we investigate the role of electrostatic complex 
formation on the quenching efficiency. Furthermore, an indicator 
paper for the visual detection of TNP has been constructed by 
immobilization of PU1 on ﬁlter paper. PU1-coated filter paper 
presents rapid monitoring of TNP with a remarkably low detection 
limit of 10-10 M, ~0.229 ag/cm2. This study paves a convenient way 
towards the development of sensing hazardous TNP using low-cost 
non-conjugated polyurethane materials. 
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1. Experimental details 
General 
Materials obtained from commercial suppliers were used without further purification unless 
otherwise stated. All glassware, syringes, magnetic stirring bars, and needles were thoroughly 
dried in a convection oven. 
1
H NMR spectra were recorded at 25 ºC on a Varian 500 MHz 
spectrometer and were referenced internally to the residual proton resonance in DMSO-d6 (δ 
2.5 ppm). The molecular weights of the polymers were calculated from their 
1
H NMR spectra. 
UV-vis absorption spectra were recorded on a Shimadzu UV-3100 spectrophotometer. 
Photoluminescence spectra were collected on an Edinburgh FLS920 spectrophotometer.  
 
Synthesis of PU Derivatives 
PU1. A mixture of 2,5-dihydroxyterephthalic acid (2.62 mmol), polyethylene glycol 
mono-methyl ether (Mw = 200 g mol
-1
; 1.98 mmol), anhydrous THF (8 mL)，hexamethylene 
diisocyanate (3.61 mmol) and DABCO (0.105 mmol) were added to dried two-neck 
round-bottom flask. The solution was heated at 75°C for 8 h under nitrogen atmosphere. After 
the clear solution became significantly viscous, product precipitated from excess diethyl ether. 
Then the product was dried under vacuum for 24 h to obtain the resulting PU1 Yield: 84.6%. 
1
H NMR (500 MHz, DMSO-d6, δ [ppm]): 12.41 (s, 2H), 7.01-7.95 (broad, 2H), 4.02 (s, 4H), 
3.36-3.69 (broad, PEG protons), 3.23 (s, 6H; PEG terminal -OCH3 protons), 2.63-2.98 (broad, 
4H), 1.45 (broad, 4H), 1.29 (broad, 4H). FTIR: 3323 cm
-1
(N-H), 2859 and 2941cm
-1
(-CH2- 
asymmetric and symmetric stretch), 1704 (C=O), 1193 cm
-1
 (C-O-C stretch PEG). The 
molecular weight is 716 g mol
-1
 calculated from the 
1
H NMR spectra. 
PU2. The synthetic procedure for PU2 was the same as PU1, except monomer hydroquinone 
(2.62 mmol) was used instead of 2,5-dihydroxyterephthalic acid. Yield: 83%. 
1
H NMR (500 
MHz, DMSO-d6, δ [ppm]): 7.04-7.21 (broad, 4H ;), 4.03 (s, 4H), 3.39-3.61 (broad, PEG 
protons), 3.23 (s, 6H; PEG terminal -OCH3 protons), 2.98 (broad, 4H), 1.41 (broad, 4H), 1.26 
(broad, 4H). FTIR: 3326 cm
-1
(N-H), 2859 and 2942 cm
-1
 (-CH2- asymmetric and symmetric 
stretching), 1705 cm
-1
 (C=O), 1193 cm
-1
 (C-O-C stretching PEG). The molecular weight is 
1077 g mol
-1
 calculated from the 
1
H NMR spectra. 
PU3. The synthetic procedure of PU3 was the same as PU1, except monomer 2, 
7-dihydroxynaphthalene (2.62 mmol) was used instead of 2,5-dihydroxyterephthalic acid. 
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Yield: 80.5%. 
1
H NMR (500 MHz, DMSO-d6, δ [ppm]): 7.04-7.95 (broad, 6H), 4.04 (broad, 
4H), 3.45-3.62 (broad, PEG protons), 3.23 (s, 6H; PEG terminal -OCH3- protons), 3.01 (s, 
4H), 1.43 (s, 4H), 1.31 (s, 4H). FTIR: 3322 cm
-1
 (N-H), 2858 and 2940 cm
-1
 (-CH2- 
asymmetric and symmetric stretching), 1704 cm
-1
 (C=O), 1191 cm
-1
 (C-O-C stretching PEG). 
The molecular weight is 3112 g mol
-1
 calculated from the 
1
H NMR spectra.
 
 
Procedure for the sensing studies in the solution 
Stock solutions of nitro-aromatic compounds, namely, picric acid (TNP), nitrobenzene (NB), 
2,4-dinitrophenol (2,4-DNP) p-nitrophenol (NP), trinitrotoluene (TNT), 4-nitrotoluene (NT), 
2,4-dinitrotoluene (2,4-DNT) and 2,6-dinitrotoluene (2,6-DNT) were prepared in 
acetonitrile-water mixture (1:1 v/v) at concentrations of 1 × 10
-3 
M, respectively. The 
absorption and fluorescence measurements of PUs (1 × 10
-5 
M) were carried out by 
sequentially adding different nitro-aromatic compounds in a quartz cuvette (3 cm × 3 cm). 
The absorption and fluorescence spectra of the resultant mixtures were then recorded after 
mixing thoroughly at room temperature.
 
 
Fluorescence quenching (%) measurement 
The quenching percentage was calculated using the equation as follows:  
Fluorescence quenching % = (1 - I/I0) × 100% 
where I0 is the initial fluorescence intensity in the absence of analyte, I is the fluorescence 
intensity in the presence of corresponding analyte. 
 
Fluorescence quenching titration study  
The Stern–Volmer relationship establishes the correlation of intensity changes with the 
quencher concentration [Q] as follows:  
I0/I 1 KSV [Q] 
where I0 and I are the intensity, in the absence and presence of TNP, respectively, KSV is the 
Stern-Volmer quenching constant and [Q] is the concentration of TNP. 
 
Benesi–Hildebrand equation 
1/(F0 - Fi) = 1/{Ka * (F0-FMin) * [PA]} + 1/(F0-FMin) 
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where, F0 is the fluorescence intensity of sensor, Fi is the fluorescence intensity obtained with 
TNP at different concentration, FMin is the fluorescence intensity obtained with excess 
amount of TNP. 
 
Lifetime measurements 
F(t)  i exp t /i  
Where, αi is a pre-exponential factor representing the fractional contribution to the time 
resolved decay of the component with a lifetime τi. 
 
Method for detection limit calculation 
The detection limit (LOD) was then calculated using the equation 3σ/K, where σ is the 
standard deviation (SD) for PUs solution intensity in the absence of TNP and K denotes the 
slope of the curve. 
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2. Structural characterization of PUs 
 
Fig. S1 
1
H NMR spectrum of PU1 in DMSO-d6 (* indicates peaks from the solvent and 
water) 
 
Fig. S2 
1
H NMR spectrum of PU2 in DMSO-d6 (* indicates peaks from the solvent and 
water) 
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Fig. S3 
1
H NMR spectrum of PU3 in DMSO-d6 (* indicates peaks from the solvent and 
water). 
 
Fig. S4 FTIR spectra of PU1, PU2 and PU3. 
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3. Photophysical properties and interactions of PUs with nitro-aromatic analytes  
 
Fig. S5 (a) PL spectra of PU2 (10 μM) in acetonitrile–water (v/v = 1:1) solution containing 
different amounts of TNP. (b) Corresponding Stern–Volmer plot of TNP. 
 
Fig. S6 (a) PL spectra of PU3 (10 μM) in acetonitrile–water (v/v = 1:1) solution containing 
different amounts of TNP. (b) Corresponding Stern – Volmer plot of TNP. 
 
Fig. S7 (a) Quenching efficiency of PU2 (10 μM) with analytes (30 μM) in acetonitrile-water 
(v/v = 1:1) solution before (black) and after (red) the addition of TNP (30 μM). (b) 
Quenching efficiency of PU3 (10 μM) with analytes (30 μM) in acetonitrile-water (v/v = 1:1) 
solution before (black) and after (red) the addition of TNP (30 μM). 
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Fig. S8 (a) Normalized absorption spectrum of TNP and excitation/emission spectra of PU2. 
(b) Overlap between emission spectra of PU2 and absorption spectra of various 
nitro-aromatics. 
 
Fig. S9 (a) Normalized absorption spectrum of TNP and excitation/emission spectra of PU3. 
(b) Overlap between emission spectra of PU3 and absorption spectra of various 
nitro-aromatics. 
 
Fig. S10 UV-visible spectra of PU2 (a) and PU3 (b) (1 × 10
-5
 M) with increasing 
concentration of TNP. 
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Fig. S11 
1
H NMR spectra of PU1 before and after addition of 1 equivalent of TNP in 
DMSO-d6.  
 
Fig. S12 
1
H NMR spectra of PU1 before and after addition of 1 equivalent of 2,4-DNT in 
DMSO-d6. 
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Fig. S13 
1
H NMR spectra of PU2 before and after addition of 1 equivalent of 2,4-DNT in 
DMSO-d6. 
 
Fig. S14 
1
H NMR spectra of PU3 before and after addition of 1 equivalent of 2,4-DNT in 
DMSO-d6. 
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Fig. S15 Comparison of the fluorescence quenching of PUs caused by the addition of various 
nitrophenols (TNP, 2,4-DNP and 4-NP) (30 µM) in acetonitrile–water (v/v = 1:1) solution. 
 
 
 
Fig. S16 Overlap between emission spectra of PUs and absorption spectra of various 
nitro-aromatics. 
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Fig. S17 (A) Luminescent photographs of PU2-coated filter paper with addition of different 
concentrations of TNP (10 μL) water solutions. (B) Luminescent photographs of PU3-coated 
filter paper with addition of different concentrations of TNP (10 μL) water solutions. All 
photographs were taken under 365 nm UV illumination. 
 
 
